It has been postulated that Cd++ interferes with the transmembrane influxes of Ca++ into excitable cells, including vascular smooth muscles and cardiac muscles (1-3). Twitches in striated muscles are mediated by Ca++ intracellularly released from the sarcoplasmic re ticulum (4). On the other hand, transmembrane influx of Ca++ into nerves is an essential prerequisite for the release of acetylcholine from motor nerve terminals (5). In a foregoing study (6), Cd++ selectively blocked the response of frog striated muscles to motor nerve stimulation and suppressed end-plate potentials without altering acetylcholine potentials.
It has been postulated that Cd++ interferes with the transmembrane influxes of Ca++ into excitable cells, including vascular smooth muscles and cardiac muscles (1) (2) (3) . Twitches in striated muscles are mediated by Ca++ intracellularly released from the sarcoplasmic re ticulum (4) . On the other hand, transmembrane influx of Ca++ into nerves is an essential prerequisite for the release of acetylcholine from motor nerve terminals (5) . In a foregoing study (6), Cd++ selectively blocked the response of frog striated muscles to motor nerve stimulation and suppressed end-plate potentials without altering acetylcholine potentials.
The present study was undertaken to investigate the action of Cd++ on twitches of isolated rat striated muscles induced by direct and indirect stimulation, and to compare the data with that obtained in frog muscles.
Male Wistar rats, weighing 250 to 300 g, were sacrificed by a blow on the neck, and the phrenic nerve-hemidiaphragm preparations were made. The specimen was vertically fixed between hooks tinder a resting tension of 5 g in a muscle bath containing the nutrient solution which was maintained at 37.0_0.5 'C and aerated with a mixture of 95% 0, and 5 % C02
A pair of lower hooks was connected to an electronic stimulator (Nihonkohden Kogyo Co., Tokyo). The upper end of the preparation was connected to the lever of a force-displacement transducer (Nihonkohden Kogyo Co.). Constituents of the solution were as follows (mM) :
147 NaCI, 5.4 KCI, 2.2 CaCI2, 1.0 MgCl.,, 14.9 NaHCO3 and 5.6 dextrose. The phrenic nerve was lifted above the surface of the solution and placed on a bipolar stimulating elec trode. Square pulses of the intensity supramaximum for excitation of the nerve (as an in direct stimulation) and muscles (as a direct stimulation) with the duration of 0.1 to 0.5 msec (for indirect stimulation) and I msec (for direct stimulation) were applied alternately at 7 sec intervals. Muscle twitches were recorded on an ink-writing oscillograph (Sanei Sokki Co., Tokyo).
Exposure of phrenic nerve-diaphragm preparations to Cd++ in concentrations of 0.1 and 0.5 mM caused a dose-related inhibition in the twitch tension developed by nerve stimu lation. Twitches induced by direct stimulation were also significantly attenuated, however, the attenuation was markedly less than that seen in the response to nerve stimulation ( Table   1 ). The tension developed by nerve stimulation was completely abolished within 60 min in 5 out of 9 preparations exposed to 0.1 mM Cd++ and in all 6 preparations exposed to 0.5 mM Cd++: the time required to abolish the response averaged 31.2+3.9 min (N=5) and 16.0+1.9 min (N=6), respectively. Cysteine in a concentration of 1 mM partially restored the response to indirect stimulation but did not significantly influence the response to direct stimulation (Table 1) . Twitches induced by direct and indirect stimulations were not altered by cysteine (1 mM) in preparations exposed to control media. Ca++ (2 mM) failed to reverse the inhibitory effect of Cd++
As in the case of frog sciatic nerve-gastrocnemius muscle preparations (6), Cd++ appears to interfere with the release of acetylcholine from motor nerve terminals in rat phrenic nerve-diaphragm preparations, by attenuating transmembrane influxes of Ca++ with a mechanism relating to membrane SH groups. The only difference found between rat and frog muscles was that the response of the mammalian muscles, but not frog muscles, to direct stimulation was significantly attenuated by Cd++. The possible role of a Ca++ influx triggering a secondary release of Ca++ from the tubular system has been postulated (7).
However, an inhibition of the Ca++ influx into muscles seems unlikely, since the attenuation of twitches induced by direct stimulation was not reversed by cysteine, while that with indirect stimulation was reversed. As observed with Mn++ (8), decrease in muscle exci tability may be responsible for the depressant action of Cd++ on mammalian striated muscles.
